Forkhead box class O (FOXO) transcription factors play a crucial role in longevity across 23
species. SeveralThe polymorphisms in FOXO3 were previously reported to be associated with 24 human longevity. However, only one Chinese replication study has been performed so far. To 25 verify the role of FOXO3 in southern Chinese in the Red-River-Basin, a community-based 26 case-control study was conducted, and seven polymorphisms were genotyped in 1336 27 participants, followed by a meta-analysis of eight case-control studies that included 5327 28 longevity cases and 4608 controls. In our case-control study, we found rs2802288*A and 29 rs2802292*G were beneficial to longevity after Bonferroni correction (p allele =0.005, 30
OR=1.266; p allele =0.026, OR=1.207). In addition, in the longevity group, carriers with 31 rs2802288*A and rs2802292*G presented reduced HbA1c (p=0.001), and homozygotes of 32 rs2802292*GG presented improved HOMA-IR (p=0.014). The meta-analysis further revealed 33 the overall contribution of rs2802288*A and rs2802292*G to longevity. However, our 34 stratified analysis revealed that rs2802292*G might act more strongly in Asians than 35
Europeans, for enhancement of longevity. In conclusion, our study , combined with the 36 following meta-analysis, might provides convincing evidence for the a significant association 37 between the rs2802288*A and rs2802292*G gene variants in FOXO3 and human longevity, 38 and adds the Southern Chinese in the Red-River-Basin to the growing number of human 39 replication populations. 40 41 we analysed FOXO3 genotypes distributions according to age, gender, TC, TG, HDL-c, 97
LDL-c, BMI and blood pressure (data not shown). 98
In addition, when we according to varied the age cutoff restrictions for longevity cases, a 99 trend of increasing effect size with higher age cutoffs for longevity was suggested for both 100 rs2802288*A and rs2802292*G, where an obvious increase occurs over age>=95 years 101 (Figure 1) , 102
Meta-analysis of FOXO3 SNPs. By considering the contribution to longevity traits, HbA 1c 103
and HOMA-IR, we selected rs2802288 and rs2802292 for meta-analysis with longevity. The 104 electronic database search identified 80 references. Of those, during a review of the abstracts, 105 60 records were excluded mainly for the following reasons: irrelevant paper, review article, 106 not case-control design, abstracts of academic conference, and overlap of research teams, so 107 the full text of 20 articles was evaluated. Thirteen other studies were excluded because of 108 missing information, or because they did not include any of the SNPs studied here. Eight 109 studies (six for rs2802292 and five for rs2802288), including our case-control study, with a 110 total of 5327 longevity and 4608 control subjects were included. Information on the primary 111 data is shown in Table 2 . The genotype distribution in the subjects of all studies was 112 consistent with HWE. Specifically, the MAFs for rs2802288 and rs2802292 in Europeans 113 seemed to be higher than those in Asians (Supplementary Table 2 ). Given the difference of 114 MAF between Asians and Europeans, a stratified analysis by ethnic group was performed. 115
The main results of the current meta-analysis and heterogeneity test are shown in Table 3 . 116
Because of the limitation of integrity of available data, only an allele-contrast genetic model 117 was used for the overall estimation. For rs2802288, a total of six datasets from five studies 118 were included. There was no heterogeneity in the overall population (p=0.265) or each ethnic 119 population (Asians: p=0.508; Europeans: p=0.502). The pooled OR (95%CI) was assessed 120 according to the fixed-effects model. Based on Mantel-Haenzel estimation, we observed a 121 significant association between rs2802288*A and longevity in the full population and in each 122 sub-population (overall: OR= 1.100, 4695%CI =1.010065-1.197233) (Figure 2) (Figure 3) . 127
Begg's funnel plot, Begg's test and Egger's test were performed to assess the publication 128 bias of the literature. As shown in Figure 4, Table 3) . One-way sensitivity analysis was conducted to 132 evaluate the stability of the meta-analysis, and the statistical significance of the results was 133 not altered when any single study was removed (Figure 5) . 134
Discussion

135
In the present study, for the first time, we reconfirmed the contribution of FOXO3 136 polymorphisms to longevity in Southern Han Chinese living in the Red River 137
BasinRed-River-Basin, who are different genetically from "China proper" Hans. Moreover, 138 the subsequent meta-analysis, which integrated eight case-control studies, provided better 139 evidence of the significant relationship between rs2802288 and rs2802292 in FOXO3 and 140 longevity, which might act more strongly in Asians than Europeans. 141 FOXO3 is another longevity-gene that is extensively studied in addition to APOE 1718 . 142 according to the previously reported results and LD pattern of FOXO3. We found that 151 rs2802288*A, rs2802292*G, rs2764264*C, rs13217795*C and rs3800231*A could 152 significantly contribute to longevity. No significant association was observed for each 153 haplotype after Bonferroni correction. In a further analysis of clinical parameters in longevity 154 subjects, we found that rs2802288*A and rs2802292*G gene variants were associated with 155 lowercould benefit the levels of HbA 1c and that homozygotes of rs2802292*GG could had 156 improved the HOMA-IR, consistent with improved insulin sensitivity. 157
Human FOXO3 encodes the homolog to daf-16 in C.elegans, which is an evolutionary 158 conserved transcription factor that functions as an important regulator in the IIS pathway 1920 . 159
Our data supported that rs2802288*A and rs2802292*G in FOXO3 could improve the status 160 带格式的:上标 of insulin resistance in longevity subjects. Similarly, in a middle-aged South Indian Dravidian 161 population, Nair et al. found that the carriers of rs2802288*A also seemed to have lower FPG 162 and BMI, indicating a better status of insulin resistance 2021 . In a small Danish twin cohort, 163 rs2802292*G was found to be associated with enhanced peripheral and hepatic insulin 164 sensitivity, mediated by the increased skeletal muscle-FOXO3 expression 1920 . However, the 165 effect on HOMA-IR was not observed in their middle-aged Inter99 cohort (aged 46±8) 1920 . 166
Because of the limited prevalence of longevity compared with diseases, the statistical 167 power is restricted. In addition, the genetic background and environmental factors differed 168 among populations. Moreover, in areas with economic prosperity, the longevity trait might be 169 partly derived from the improvement of medical services, which might confuse the genetic 170 contributions. Therefore, in view of a distinct feature of Hans in the Red River 171
BasinRed-River-Basin compared to "China proper" Hans, the genetic determinants of FOXO3 172 should be replicated. 173
We further conducted a meta-analysis of rs2802288*A and rs2802292*G in FOXO3. 174
Generally, the heterogeneity in Europeans was larger than in Asians. The rs2802288*A 175 associated with longevity both in overall population and each sub-population. However, 176 rs2802292*G might act more strongly in Asians than Europeans, for enhancement of 177 longevity", which might be caused by a limited number of studies included in the European 178 group or the different LD pattern between Asians and Europeans (Supplementary Figure 23) . 179
A previous meta-analysis addressed a similar question, but many errors of genotype were 180 involved, which might be misleading 2111 . Therefore, we conducted a complete updated 181 meta-analysis together with the present case-control study. 182
Although a lack of publication bias was supported by the Begg's and Egger's test 183 (rs2802288: p Begg's =0.452, p Egger's =0.484; rs2802292: p Begg's =0.452, p Egger's =0.118), the 184 accumulated sample size remains small. Although our study was quite large compared with 185 the previously conducted studies, the number of minor alleles present in longevity in this 186 meta-analysis is rather small, as expected from the observed MAF. Second, the inter-study 187 heterogeneity is potentially a significant problem which could be due to the differences in 188 sample selection, genotyping quality, and healthy status confounding, the last of which is 189 related to longevity. Third, longevity is a complex trait that is caused by both 
SNPs selection and genotyping. Based on the CHB population (Han Chinese residents in 224
Beijing) data and previous reports, seven SNPs covering 120.9 kb fragment containing 225 FOXO3 were selected (rs2802288, rs2802290, rs2802292, rs2764264, rs7341233, 226 rs13217795and rs3800231). The genomic DNA was extracted from peripheral blood 227 leukocytes using a standardised salting-out procedure. The SNPs were genotyped by 228
PCR-based high resolution melting (HRM) assay with LightScanner® (Idaho Technology, 229
Alameda, CA, USA) (Supplementary Figure 34) 24 . The pairs of PCR primers for 230 amplification of rs2802288, rs2802290, rs2802292, rs2764264, rs7341233, rs13217795and 231 rs3800231 in FOXO3 were 5'-GGGAGGACTGTGTGGCT-3'/ 232 abstracts of all of the selected articles to evaluate their eligibility for inclusion in the 264 meta-analysis. The full-text of the article was retrieved when the abstract did not provide 265 sufficient information to judge whether it was appropriate for inclusion. Studies had to meet 266 all of the following criteria: (1) The publication should be an observation study (case-control 267 or cross-sectional designs) between rs2802288 and rs2802292 and longevity, (2) with 268 sufficient genotype or allele data, or other information, that could help us estimate the OR 269 with 95%CI, (3) the reported genotype distribution in the control subjects satisfied the 270
Hardy-Weinberg equilibrium (HWE), (4) when study subjects or data were duplicated or had 271 been published more than once, the most complete study was chosen, and (5) the search was 272 limited to English or Chinese language papers, as recommended. 273
Two investigators (L.S. and Y.Q.) independently extracted the data from eligible selected 274 articles using a structured form and entered them into a database according to the 275 pre-specified criteria. When there was disagreement during the extraction process, it was 276 resolved by discussion or by a third investigator (C.Y.H.). The following data elements of14 / 21 each study were extracted: first author name, year of publication, numbers of genotyped cases 278 and controls, racial/ethnic composition of the study population, stratified by race/ethnicity 279 whenever possible. If the detailed genotype data could not be found in the article, we 280 contacted the corresponding author by E-mail to obtain this information. 281
Because of the limitation of integrity of available data, only the allele-contrast genetic 282 model was used for the overall estimation. Because all of the selected articles were 283
case-control studies, we used the pooled odds ratios (ORs) as the metric of choice. 284
Heterogeneity between-studies was assessed by the chi-based Q statistic and confirmed 285 significant if p<0.05. The pooled OR was calculated by the fixed-effects model 286 (Mantel-Haenzel) with no heterogeneity among studies; otherwise, the random-effects model 287 (evaluated by DerSimonian and Laird). I-squared was also calculated to represent the 288 percentage of total variation across studies that is a result of heterogeneity rather than chance, 289 with values less than 25% considered "low", approximately 50% considered "moderate" and 290 more than 75% considered "high". A larger value indicates increasing heterogeneity. To 291 evaluate the ethnic-specific effects, subgroup analysis was performed by ethnicity. To access 292 the stability of the meta-analysis, one-way sensitivity analyses were carried out. Begg's 293 funnel plots were performed to evaluate publication bias qualitatively; the Begg's test and 294
Egger's test were performed to assess publication bias quantitatively. All statistical analyses 295 were conducted using STATA 10.0 software (StataCorp, College Station, TX, USA Tables   Table 1 Genotype distribution and allele 
